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ABSTRACT
The chronic glaucoma with open angle is the second |leading cause of

blindness in the world. Ophthalmic drug delivery is one of the most
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Conventional preparations require frequent instillation, and long term
use of such preparations and can cause ocular surface disorders. In
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INTRODUCTION

The eye is one of the most delicate and yet most valuable of the sense organs and is a
chalenging subject for topica administration of drugs to the eye. The eye has specid
attributes that allows local drug delivery and non-invasive clinical assessment of disease but

also makes understanding disease pathogenesis and ophthalmic drug delivery challenges'.
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Because many parts of the eye are relatively inaccessible to systemically administered drugs,
the drugs may require delivery to treat the precorneal region for such infections as
conjunctivitis and blepharitis, or to provide intra-ocular treatment via the cornea for diseases
such as glaucoma and uveitis®®. The most convenient way of delivering drugs to the eye isin
the form of eye drops. But the preparation when instilled into the cul-de-sac is rapidly drained
away from the ocular cavity due to tear flow and lachrymal nasal drainage’. Only a small
amount is available for its therapeutic effect resulting in frequent dosing®®. Cul-de-sac of the
eye normally holds 7 pl of tear. But the volume of drops is approximately 40-50 pl. This also
leads to rapid tear secretion deviating from its normal flow rate of 1 pl/min, and causes
subsequent drainage of eye drops. Due to the resulting elimination rate, the precornea half
life of drugs following application of these pharmaceutical formulations is considered to be
between about 1-3 min. As a consequence, only the very small amount of about 1-3% of the
drug actually penetrates through the cornea and is able to reach intraocular tissues’. In
addition, the ocular residence time of conventional eye drops is limited to a few minutes due
to lacrimation and blinking®; and the ocular absorption of a topically applied drug is reduced
to approximately 1-10%°. The drug is mainly absorbed systemically via conjunctiva and nasal

mucosa™®, which may result in some undesirable side effects”.

213 micro- and

To overcome these problems, different approaches such as in situ forming
nanocarrier systems™ ™, Inserts'®, and vesicular systems'” have been adopted. In recent years,
vesicles have become the vehicle of choice in ocular drug delivery. Vesicular systems not
only help in providing prolonged and controlled action at the corneal surface but also help in
providing controlled ocular delivery by preventing the metabolism of the drug from the
enzymes present at the tear/corneal epithelial surface™. Moreover, vesicles offer a promising
avenue to fulfill the need for an ophthalmic drug delivery system that has the convenience of
adrop, but will localize and maintain drug activity at its site of action™®. Nonionic surfactant
vesicles (niosomes) are promising drug carriers as they possess greater stability and lack of
many disadvantages associated with phospholipid vesicles (liposomes), such as high cost,
stringent storage condition and the oxidative degradation of phospholipids®®. Glaucomais a
disease with a characteristic of higher level of intraocular pressure (IOP) which might
progressively hurt visibility. The average I0P of population is 15.5 + 2.57 mmHg. If people
whose IOP is 20.5 mmHg or higher could be suspected of having glaucoma and IOP over 24
mmHg is a definite case of glaucoma®. The chronic glaucoma with open angle poses a major

problem of public health and it is the second leading cause of blindness in the world®. Its
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treatment requires a long and prolonged therapy and thus, niosomes could be a useful
vesicular system for the treatment of glaucoma. The present review highlights various
complications of glaucoma therapy with mostly available and/or newer drugs, novel
strategies in the development of anti-glaucomatic niosomal systems and the challenges
standing ahead.

CHALLENGESIN GLAUCOMA THERAPY

Many ongoing clinical studies are trying to find neuroprotective agents (memantine,
glatiramer acetate) that might benefit the optic nerve and certain retinal cells in glaucoma.
The treatment of open angle glaucoma and secondary glaucoma is primarily with drugs,
whereas the narrow-angle or congenital types is primarily surgical. Long-term use of ocular
drugs, as in glaucoma patients who are treated for decades after they are diagnosed,
frequently causes tear film and conjunctival involvement, sometimes resulting in sight
threatening ocular surface disorders™-®. Moreover, higher concentration of some drugs
causes alergy at the ocular surface such as a2-agonist brimonidine shows concentration
dependent allergy due to oxidation of the drug®. Prolonged use of eye medications with
preservatives presents a certain risk to ocular surface, such as thickness of sub-epithelia
collagen of conjunctiva®, a chronic sub-clinical inflammation as shown by the presence of
immunologic changes and inflammatory infiltrates”. Medications placed in the eye are
absorbed into the conjunctival blood vessels on the eye surface. A certain percentage of the
active ingredient of the medication, though small, will enter the blood stream and may
adversely affect functions such as heart rate and breathing. Hence, there is a need to develop
an aternative ophthalmic preparation and in this context, niosomal preparations may be the

dternative.

FORMULATION CONSIDERATIONS
Niosomes are formed by self-assembly of non-ionic surfactants in agueous media as
spherical, unilamelar, multilamellar system and polyhedra structures in addition to inverse

structures which appear only in non-agueous solvent®.
Surfactants

Van Abbe30 explained that the non-inonic surfactants are preferred because the irritation

power of surfactants decreases in the following order: cationic> anionic> ampholytic>
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non-ionic. The ether type surfactants with single alkyl chain as hydrophobic tail, is more
toxic than corresponding dialkylether chain. The ester type surfactants are chemically less
stable than ether type surfactants and the former is less toxic than the latter because
ester-linked surfactant is degraded by esterase to triglycerides and fatty acid in vivo®. The
surfactants with alkyl chain length from C12-C18 are suitable for the preparation of
niosomes™. Span series surfactants having hydrophilic lipophilic balance (HLB) number of
between 4-8 can form vesicles™. Guinedi et al** prepared niosomes from Span 60 and Span
40 to encapsulate acetazolamide (ACZ). Highest drug entrapment efficiency was obtained
with Span 60 in a molar ratio of 7:6 with cholesterol. They found that both the surfactants
were nonirritant with ocular tissues however; only reversible irritation of substantia propia

was observed in the rabbit eye.
Chargeinducer

Charge inducer is used to impart charge on the vesicles to increase its stability by preventing
fusion of vesicles and providing higher value of zeta potential. The commonly used positively
charge inducers are stearylamine, cetyl pyridinium chloride and negatively charge inducers
are lipoamino acid and dicetyl phosphate. Aggarwal and his coworkers®™ formulated
niosomes by reverse phase evaporation method to encapsulate ACZ using Span 60,
cholesterol, positively (stearyl amine), and negatively (dicetyl phosphate) charge inducers.
Drug entrapment efficiency varied with the charge and the percent entrapment efficiency was
found to be 43.75%, 51.23% and 36.26% for neutral, positively charged and negatively
charged niosomes, respectively. The positively charged niosomes, although showed good
corneal permeability and I0OP lowering capacity, were however seemed to be inappropriate in

terms of the corneal cell toxicity.
Bioadhesive polymer

Bioadhesive polymers are the other membrane additives that are used to provide some
additional properties to the niosomes. Carbopol 934P-coated niosomal formulation of ACZ,
prepared from Span 60, cholesterol, stearylamine or dicetyl phosphate exhibited more
tendency for the reduction of intraocular pressure compared to that of a marketed formulation
(Dorzox)*. Aggarwal and Kaur®® prepared chitosan and carbopol-coated niosomes to entrap

antiglaucoma agent timolol maleate by reverse phase evaporation method. Polymer coating
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extended the drug release up to 10 h (releasing only 40-43% drug). However, in comparison,

chitosan coated niosomes showed a better sustained effect.
Steric Barrier

Some researchers®’ examined the aggregation behavior of monomethoxypoly (ethylene
glycol) cholesteryl carbonates in mixture with diglycerol hexadecyl ether and cholesterol.
They obtained non-aggregated, stable, unilamellar vesicles at low polymer levels with
optimal shape and size homogeneity at cholesteryl conjugate/lipids ratios of 5-10 mol%.
Higher levels up to 30 mol% led to the complete solubilization of the vesicles into disk-like
structures of decreasing size with increasing polyethylene glycol content. This study revealed
the bivalent role of the derivatives, while behaving as solubilizing surfactants, they provided
an additional efficient steric barrier, preventing the vesicles from aggregation and fusion over
aperiod of at least 2 weeks.

| sotonic stabilizer

Development of a topicaly effective formulation of ACZ is difficult because of its
unfavorable partition coefficient, solubility, permeability coefficient, and poor stability at the
pH of its maximum solubility. Based on these factors and the ability of niosomes to come
into complete contact with corneal and conjunctival surfaces, niosomal drug delivery system
has been investigated to enhance the corneal absorption of ACZ. Boric acid solution (2%) is
isotonic with tears and could be used as a vehicle for the ACZ niosomal formulations because
the pH of maximum stability for ACZ is 4.0. A recent study revealed that boric acid solution
can maintain the pH between 4.0 and 5.0. In addition, the pharmacodynamic studies showed
more than 30% fall in IOP which was sustained up to 5 h®,

Methods of preparation

This affects mainly the vesicle laméllarity, entrapment efficiency, and size. For example,
reverse phase evaporation method produces large unilameller vesicles appropriate for higher
entrapment of water soluble drugs. Film hydration method produces multilamellar niosomes
which after sonication gives unilamellar niosomes. Recently, it has been reported that reverse
phase evaporation method afforded the maximum drug entrapment efficiency (43.75%) as
compared with ether injection (39.62%) and film hydration (31.43%) methods™. Vyas et al.*
prepared discoidal vesicles (discome) by treating niosomes with solulan C24 (poly-24-
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oxyethylene cholesteryl ether). Discosomes were of larger sizes (12-60 ym) and these
entrapped higher quantity of timolol maleate. Their disc sizes provided better ocular
localization. The discomes were found to be promising for controlled ocular administration of

water soluble drugs.
Niosomes can be prepared by a number of methods which are as follows:

o Ether injection method: In this method, a solution of the surfactant is made by dissolving
it in diethyl ether. This solution is then introduced using an injection (14 gauge needle)
into warm water or agqueous media containing the drug maintained at 60°C. Vaporization
of the ether leads to the formation of single layered vesicles. The particle size of the
niosomes formed depend on the conditions used, and can range anywhere between 50-
1000pum™.

e Hand shaking method (Thin Film Hydration Technique): In this method a mixture of the
vesicle forming agents such as the surfactant and cholesterol are dissolved in a volatile
organic solvent such as diethyl ether or chloroform in a round bottom flask. The organic
solvent is removed at room temperature using a rotary evaporator, which leaves a thin
film of solid mixture deposited on the walls of the flask. This dried surfactant film can
then be rehydrated with the aqueous phase, with gentle agitation to yield multilamellar
niosomes. The multilamellar vesicles thus formed can further be processed to yield
unilamellar niosomes or smaller niosomes using sonication, microfluidization or
membrane extrusion techniques™.

e Reverse phase evaporation technique: This method involves the creation of a solution of
cholesterol and surfactant (1:1 ratio) in a mixture of ether and chloroform. An aqueous
phase containing the drug to be loaded is added to this, and the resulting two phases are
sonicated at 4-5°C. A clear gel is formed which is further sonicated after the addition of
phosphate buffered saline (PBS). After this the temperature is raised to 40°C and pressure
is reduced to remove the organic phase. This results in a viscous niosome suspension
which can be diluted with PBS and heated on a water bath at 60°C for 10 mins to yield
niosomes™.

e Trans membrane pH gradient (inside acidic) Drug Uptake Process (remote loading): In
this method, a solution of surfactant and cholesterol is made in chloroform. The solvent is
then evaporated under reduced pressure to get a thin film on the wall of the round bottom
flask, similar to the hand shaking method. This film is then hydrated using citric acid
solution (300mM, pH 4.0) by vortex mixing. The resulting multilamellar vesicles are then
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treated to three freeze thaw cycles and sonicated. To the niosomal suspension, aqueous
solution containing 10mg/ml of drug is added and vortexed. The pH of the sampleis then
raised to 7.0-7.2 using 1M disodium phosphate (this causes the drug which is outside the
vesicle to become non-ionic and can then cross the niosomal membrane, and once inside
it is again ionized thus not allowing it to exit the vesicle). The mixture is later heated at
60°C for 10 minutes to give niosomes™.

e The “Bubble” Method: It is a technique which has only recently been developed and
which alows the preparation of niosomes without the use of organic solvents. The
bubbling unit consists of around bottom flask with three necks, and thisis positioned in a
water bath to control the temperature. Water-cooled reflux and thermometer is positioned
in the first and second neck, while the third neck is used to supply nitrogen. Cholesterol
and surfactant are dispersed together in a buffer (pH 7.4) at 70°C. This dispersion is
mixed for a period of 15 seconds with high shear homogenizer and immediately
afterwards, it is bubbled at 70°C using the nitrogen gas to yield niosomes™®.

e Formation of Proniosomes and Niosomes from Proniosomes. To create proniosomes, a
water soluble carrier such as sorbitol isfirst coated with the surfactant. The coating is done
by preparing a solution of the surfactant with cholesterol in a volatile organic solvent,
which is sprayed onto the powder of sorbitol kept in a rotary evaporator. The evaporation
of the organic solvent yields a thin coat on the sorbitol particles. The resulting coating is a
dry formulation in which a water soluble particle is coated with a thin film of dry

surfactant. This preparation is termed Proniosome™.
CONCLUSION

In the last couple of years, continuous research have been going on for better delivery of
anti-glaucoma drugs with the aim of more localized drug delivery, minimization of dosing
frequency. An ophthalmic should preferably release drug at a controlled rate to prolong the
effect in reducing IOP and should be nontoxic and comfortable for patient use. Niosomal
system could afford such characteristics and could be a useful ocular delivery system for
antiglaucoma drugs. World health organisation (WHO) World Health Bulletin 2002 declared
that 12.30% of total blindness would be because of glaucoma. However, the situation will be
worsening because large number of people will fall into the geriatric group. In these

conseguences, more research should be continued with niosomes for the effective glaucoma
therapy.

WWWw.wipr.net 45



www.wjpr.net

Hitesh Gevariya et al. World Journal of Pharmaceutical research

FUTURE PERSPECTIVE

In future, much of the emphasis will be given to achieve noninvasive sustained drug release
for eye disorders in both segments. A clear understanding of the complexities associated with
tissues in normal and pathological conditions, physiological barriers, and multicompartmental

pharmacokinetics would greatly hasten further development in the field.

REFERENCES

1. Rathore KS, Nema RK. An insight into ophthalmic drug delivery system. Int J Pharm Sci
Drug Res 2009; 1:1-5.

2. Chien YW. Ocular drug delivery and drug delivery system. In: Swarbrick J, editor. Novel
drug delivery system. 2nd ed. New York: Marcel Dekker; 2005. p. 269-300.

3. Le BC, Acar L, Zia H, Sado PA, Needham T, Leverge R. Ophthalmic drug delivery
systems: recent advances. Prog Retin Eye Res 1998; 1733-58.

4. Atluri H, Anand BS, Patel J, Mitra AK. Mechanism of a model dipeptide transport across
blood-ocular barriers following systemic administration. Exp Eye Res 2004; 78:815-22.

5. Bharath S, Hiremath SR. Ocular delivery systems of pefloxacin mesylate. Pharmazie 1999;
54:55-58. 6. Cavo P, Vila-Jato JL, Alonso MJ. Evaluation of cationic polymercoated
nanocapsules as ocular drug carriers. Int J Pharm 1997; 153:41-50.

7. Kreuter J. Particulates (Nanoparticles and Microparticles). In: Mitra AK, editor.
Ophthalmic drug delivery systems. 2nd ed. New Y ork:Marcel Dekker; 1993. p. 275-85.

8. Sanzgiri YD, Mashi S, Crescenzi V, Calegaro L, Topp EM, Stella VJ. Gellan-based
systems for ophthalmic sustained delivery of methylprednisolone. J Control Rel 1993;
26:195-201.

9. Lee VHL, Robinson JR. Topica ocular drug delivery: recent developments and future
challenges. J Ocular Pharmacol 1986; 2: 67-108.

10. Seettone MF, Giannaccini B, Chetoni P, Torracca MT, Monti D. Evaluation of high- and
low-molecular-weight fractions of sodium hyaluronate and an ionic complex as adjuvants
for topical ophthalmic vehicles containing pilocarpine. Int J Pharm 1991; 72:131-39.

11. Kumar S, Haglund BO, Himmelstein KJ. In situ-forming gels for ophthalmic drug
delivery. J Ocular Pharmacol 1994; 10:47-56.

12. Pignatello R, Bucolo C, Spedalieri G, Maltese A, Puglisi G. Flurbiprofen-loaded acrylate
polymer nanosuspensions for ophthalmic application. Biomaterials 2002; 23:3247-55.

WWWw.wipr.net 46



www.wjpr.net

Hitesh Gevariya et al. World Journal of Pharmaceutical research

13. Abraham S, Furtado S, Bharath S, Basavarg) BV, Deveswaran R, Madhavan V. Sustained
ophthalmic delivery of ofloxacin from an ion-activated in situ gelling system. Pak J Pharm
Sci 2009; 22:175-79.

14. Maurice DM. Prolonged-action drops. Int Ophthamol Clin 1993; 33:81-91.

15. Losa C, Alonso MJ, Vila JL, Oralo F, Martinez J, Saavedra JA et a. Reduction of
cardiovascular side effects associated with ocular administration of metipranolol by
inclusion in polymeric nanocapsules. J Ocular Pharmacol 1992; 8:191-98.

16. Nadkarni SR, Yaokowsky SH. Controlled delivery of pilocarpine. I. In vitro
characterization of gelfoam matrices. Pharm Res 1993; 10:109-12.

17. Davies NM, Farr SJ, Hadgraft J, Kellaway IW. Evaluation of mucoadhesive polymersin
ocular drug delivery. Il. Polymercoated vesicles. Pharm Res 1992; 9:1137-44.

18. Vora B, Khopade AJ, Jain NK. Proniosome based transdermal delivery of levonorgestrel
for effective contraception. J Control Rel 1999; 54.149-65.

19. Chiang C-H. Ocular drug delivery systems of antiglaucoma agents. J Med Sci 1991,
12:157-70.

20. Thylefors B, Négrel AD. The globa impact of glaucoma. Bull World Health Organ 1994;
72:323-26.

21. AlicjaRR, Cristopher GO. Epidemiology of primary open angle glaucoma. In: Edgar DF,
Alicja RR, editors. Glaucoma identification and co-management. Ist ed. China: Elsevier;
2007. p. 1-16.

22. Broadway D, Grierson I, Hitchings R. Adverse effects of topica antiglaucomatous
medications on the conjunctiva. Br J Ophthalmol 1993; 77:590-96.

23. Pisella PJ, Pouliquen P, Baudoui C. Prevalence of ocular symptoms and signs with
preserved and preservative free glaucoma medication. Br J Ophthalmol 2002; 86:418-23.
24. Baudouin C, Hamard P, Liang H, Creuzot-Garcher C, Bensoussan L, Brignole F
Conjunctival epithelial cell expression of interleukins and inflammatory markers in

glaucoma patients treated over the long term. Ophthalmol 2004; 111:2186-92.

25. Baudouin C, Pisella PJ, Fillacier K, Goldschild M, Becquet F, De Saint Jean M et al.
Ocular surface inflammatory changes induced by topica antiglaucoma drugs: human and
animal studies. Ophthalmol 1999; 106:556-63.

26. Thompson CD, MacDonald TL, Garst ME, Wiese A, Munk SA. Mechanisms of
adrenergic agonist induced allergy bioactivation and antigen formation. Exp Eye Res
1997; 64:767-73.

WWWw.wipr.net 47



www.wjpr.net

Hitesh Gevariya et al. World Journal of Pharmaceutical research

27. Mietzh, NU, Krieglstein GK. The effect of preservatives and antiglaucomatous
medication on the histopathology of the conjunctiva. Graefes Arch Clin Exp Ophthal mol
1994; 232: 561- 65.

28. Baudouin C. Side effects of antiglaucomatous drugs on the ocular surface. Curr
Ophthalmol 1996; 7: 80-86.

29. Uchegbu IF, Florence AT. Non-ionic surfactant vesicles (niosomes): physical and
pharmaceutical chemistry. Adv Colloid Interface Sci 1995; 58:1-55.

30. Van Abbe NJ. Eye irritation: studies related to responses in man and laboratory animals. J
Soc Cosmet Chem 1973; 24: 685-87.

31. Hunter CA. Dolan TF, Coombs GH, Baillie AJ. Vesicular system (niosomes and
liposomes) for delivery of sodium stibogluconate in experimental murine visceral
leishmaniasis. J Pharm Pharmacol 1988; 40:161-65.

32. Yekta OA, Atilla HA, Bouwstra JA. A novel drug delivery system: nonionic surfactant
vesicles. Euro J Pharm Biopharm 1991; 37:75-79.

33. Yoshioka T, Sternberg B, Florence AT. Preparation and properties of vesicles (niosomes)
of sorbitan monoesters (Span 20, 40, 60 and 80) and a sorbitan triester (Span-85). Int J
Pharm 1994; 105:1-6.

34. Guinedi AS, Mortada ND, Mansour S, Hathout RM. Preparation and evaluation of
reverse-phase evaporation and multilamellar niosomes as ophthamic carriers of
acetazolamide. Int J Pharm 2005; 306:71-82.

35. Aggarwa D, Garg A, Kaur IP. Development of a topical niosomal preparation of
acetazolamide: preparation and evauation. J Pharm Pharmacol 2004; 56:1509-17.

36. Aggarwa D, Kaur IP. Improved pharmacodynamics of timolol maleate from a
mucoadhesive niosomal ophthalmic drug delivery system. Int J Pharm 2005; 290: 155-509.

37. Beugin S, Edwards K, Karlsson GR, Ollivon M, Lesieur S. New sterically stabilized
vesicles based on nonionic surfactant, cholesterol, and poly (ethylene glycol)-cholesterol
conjugates. Biophys J 1998; 74:3198-10.

38. Kaur IP, Mitra AK, Aggarwa D. Development of a vesicular system for effective ocular
delivery of acetazolamide: a comprehensive approach and successful venture. J Drug
Ddliv Sci Technol 2007; 17: 33-41.

39. Vyas SP, Mysore N, Jaitely V, Venkatesan N. Discoidal niosome based controlled ocular
delivery of timolol maleate. Pharmazie 1998; 53:466-69.

WWWw.wipr.net 48



www.wjpr.net

Hitesh Gevariya et al. World Journal of Pharmaceutical research

40. Baillie A.J.,, Coombs G.H. and Dolan T.F. Non-ionic surfactant vesicles, niosomes, as
delivery system for the anti-leishmanial drug, sodium stribogluconate J.Pharm.Pharmacol.
1986; 38: 502-505.

41. Rga Naresh R.A., Chandrashekhar G., Pilla G.K. and Udupa N. Antiinflammatory
activity of Niosome encapsulated diclofenac sodium with Tween -85 in Arthitic rats.
Ind.J.Pharmacol. 1994; 26:46-48.

42. Maver L.D. Bally M.B. Hope. M.J. Cullis P.R. Biochem Biophys. Acta (1985), 816:294-
302.

43. Chauhan S. and Luorence M.J. The preparation of polyoxyethylene containing non-ionic
surfactant. vesicles. J. Pharm. Pharmacol. 1989; 41: 6p.

44. Blazek-Wash A.l. and Rhodes D.G. Pharm. Res. SEM imaging predicts quality of
niosomes from maltodextrin-based proniosomes. 2001; 18: 656-661.

WWWw.wipr.net 49



www.wjpr.net

